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R. Manfredini, MD,a B. Boari, MD,a M. Gallerani, MD,a R. Salmi, MD,b E. Bossone, MD,c A. Distante,
MD,c K. A. Eagle, MD,d and R. H. Mehta, MD,d Ferrara and Lecce, Italy; and Ann Arbor, Mich
A growing body of evidence suggests that the occurrence of cardiovascular events is not evenly distributed over time, but
shows peculiar temporal patterns that vary with time of day, day of the week, and month (season) of the year. These
patterns coincide with the temporal variation in the pathophysiologic mechanisms that trigger cardiovascular events and
the physiologic changes in body rhythms. These two factors in combination contribute to the periodicity in susceptibility
to acute cardiovascular events. The classic assumption of epidemiologic studies that there is a constancy in risk for disease
during the various time domains has now been challenged by the emerging new concept of chronorisk. In the last two
decades temporal patterns (circadian, weekly, seasonal) have been identified for several acute cardiovascular diseases, such
as acute myocardial infarction, sudden death, pulmonary embolism, and stroke, with peak incidence for most in the
morning and during winter. One of the most life-threathening cardiovascular emergencies, aortic aneurysm rupture or
dissection, also demonstrates periodicity, characterized by a similar temporal distribution, which suggests a common
pathophysiologic mechanism or triggers similar to other cardiovascular acute emergencies. We review the data on
chronobiology of acute aortic rupture or dissection, and discuss various pathophysiologic mechanisms that account for
this variability. It is likely that identification of consistent recurring patterns in the underlying risk mechanisms could
provide potential new insights for more precise diagnosis and efficacious therapeutic intervention. (J Vasc Surg 2004;40:
382-8.)There is considerable evidence that several cardiovascu-
lar diseases, such as acute myocardial infarction, sudden
death, supraventricular tachycardia, silent ischemia, pulmo-
nary embolism, and stroke, are not randomly distributed
but occur with chronobiologic periodicity. We reviewed
the available evidence regarding the circadian, weekly, and
seasonal “chronorisk” of aortic dissection and rupture of
abdominal aortic aneurysms (AAAs), and discuss the possi-
ble underlying pathophysiologic mechanisms and/or trig-
gers as well as the therapeutical implications of this varia-
tion.
AORTIC DISSECTION AND AAA RUPTURE:
SCOPE OF THE PROBLEM
Acute aortic dissection and AAA rupture are life-threat-
ening cardiovascular emergencies and are associated with
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doi:10.1016/j.jvs.2004.04.019382high mortality. Inasmuch as many patients with either acute
aortic dissection or rupture of an aortic aneurysm die before
they reach the hospital, the exact incidence and prevalence
of these events are difficult to determine.
Recent European epidemiologic studies of ruptured
AAAs found a rate of 5.6 per 100,000 persons in Sweden1
and 6.3 per 100,000 persons in Finland,2 with overall
mortality rates of 88% and 76.9%, respectively. Similarly,
the estimated incidence of thoracic aortic dissection varies
from 5 to 30 per 1 million persons per year.3 Despite
advances in diagnostic and therapeutic techniques, overall
in-hospital mortality remains high. Data from Sweden re-
port that 41% of patients with a ruptured aortic aneurysm
were alive on arrival at an emergency hospital, but the
overall mortality rate was 97% to 100%.4 Similarly, data
from the more recent International Registry of Acute Aor-
tic Dissection (IRAD) suggest a 24% mortality in patients
reaching hospitals, even in centers with advanced technol-
ogy and considerable expertise in the management of acute
aortic dissection.5 Thus it is imperative to understand the
various clinical and physiologic factors that influence the
occurrence and outcomes in these patients, with the ulti-
mate goal of improving the otherwise dismal prognosis
with these acute aortic events.
Circadian variation
Several studies have suggested a circadian variation in
AAA rupture or aortic dissection (Table I). They suggest
that there is an increased risk for both aortic rupture and
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Volume 40, Number 2 Manfredini et al 383aortic dissection during early hours of the morning. Man-
fredini et al6 studied all patients admitted with spontaneous
acute AAA rupture from 1986 to 1996, and found a
circadian variation characterized by a main peak in the
morning, at about 8:00 AM, and a secondary peak in the
evening. In contrast to this single report of the circadian
risk for AAA rupture, more data are available on the circa-
dian periodicity of acute aortic dissection. Gallerani et al7
reported a significant circadian variation in the occurrence
of spontaneous acute dissection, with a main morning peak,
at about 8:00 to 10:00 AM, and a secondary peak in the
evening, at about 8:00 PM. Sumiyoshi et al,8 in Japan, found
a weak significantly higher frequency of dissection in the
morning hours, 8:00 to 11:00 AM, and a secondary peak in
the evening, at 5:00 to 7:00 PM, with a slightly delayed peak
in older subjects (60 years) compared with younger sub-
jects (60 years). Finally, analysis of the large population
enrolled in the more contemporary IRAD registry9 found a
morning peak, at about 8:00 to 9:00 AM in the occurrence
of acute tears of the thoracic aorta. This early morning peak
was demonstrated in all subgroups examined, including
men, women, type A or B dissection, age younger or older
than 70 years, and presence or absence of hypertension. Of
interest, similar to the findings of Sumiyoshi et al,8 the
IRAD investigators showed evidence of a later morning
peak in older patients and women compared with younger
subjects and men. The authors attributed this peak delay to
later awakening of older patients and women as compared
with the younger cohort of men.
Seasonal variation
Many investigators have studied the seasonal variation
in aortic aneurysm rupture or aortic dissection over the last
decade (Table II).
Rupture of thoracic or abdominal aorta. Manfre-
dini et al10 analyzed 85 consecutive cases of nontraumatic
rupture of the thoracic aorta and found a significant rhyth-
Table I. Chronobiology of aortic aneurysms: Available stu
Author/year Country Lesion/population
Abdominal aorta
Manfredini et al,
1999
Italy Spontaneous ruptur
consecutive inpatie
Thoracic aorta
Gallerani et al,
1997
Italy Spontaneous dissect
consecutive inpatie
Sumiyoshi et al,
2002
Japan Dissection, consecut
inpatients
Mehta et al, 2002 International
Registry of
Acute
Aortic
Dissections
Dissection, multicen
populationmic seasonal pattern, with its peak in January. Other inves-
tigators have demonstrated a similar increase in the risk for
AAA rupture. Liapis et al11 found an increased frequency of
ruptured AAAs during the fall, in particular, September
through November. In the same year, a Swedish study12
did not replicate these results, whereas Varty et al13 con-
firmed the winter peak, together with an increased inci-
dence in early spring. These last two studies, however, did
not describe methods of statistical analysis or the statistical
significance. A necropsy study by Sterpetti et al14 confirmed
that the highest incidence of ruptured AAAs occurred
during autumn. Manfredini et al15 evaluated a series of 54
consecutive cases, and reported a bimodal curve character-
ized by a double peak, in fall and spring. In their study of
death certificates, Ballaro et al16 reviewed data including all
deaths due to AAA rupture in England and Wales from
January 1991 to December 1995, and found a seasonal
variation with a significant peak in winter.
Acute aortic dissection. Several investigators have
demonstrated that there is an increased incidence of acute
aortic tears during the winter months. The study by Sum-
iyoshi et al8 found a winter peak, with a trough in summer,
and monthly distribution showed a higher frequency of
cases in December, January, and March. The incidence of
acute aortic dissection in January (the month with highest
incidence) was 2.9 times higher than in August (the month
with lowest incidence). The IRAD chronobiologic study9
confirmed the seasonal variation, with a higher frequency of
events in winter, peaking in January, and a trough in
summer. Such winter peak occurred independent of gen-
der, but was found only in younger subjects (70 years).
Moreover, a slight delayed peak in February (95% confi-
dence limits included January and March) was found in
type B dissections, whereas type A dissections did not show
a statistically significant rhythmic pattern. This is in contrast
to the findings of Kobza et al,17 who found a different
temporal pattern between type A dissections (peak in win-
on circadian aspects
No. of
cases Analysis Peak P
91 2 6:00 AM to noon,
6:00 PM to midnight
.001
cosinor 8:00 AM, 8:00 PM .001
70 2 6:00 AM to noon,
6:00 PM to midnight
.001
cosinor 10:00 AM, 10:00 PM .001
312 2 9:00 AM to noon .042
689 2 6:00 AM to noon .001
cosinor 9:00 AM .001dies
e,
nts
ion,
nts
ive
ter
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number of patients confined to a single region in the study
by Kobza et al, in contrast to the large number of patients
enrolled across the globe in the IRAD registry, could
account for these differences.
These data suggest that vulnerability for acute aortic
events such as rupture or dissection appears to be higher in
winter.
Weekly variation
No previous study has examined the weekly variation in
risk for aortic rupture; however, a few investigators have
addressed such a pattern in acute aortic dissection. Sumiyo-
shi8 showed a small peak on Monday and a trough on
Thursday and Friday, but the distribution was homoge-
neous on the whole (P  .96). The relative risk for acute
aortic dissection on Monday was 10.3% higher than the
incidence that could be expected on that day assuming
homogeneity. In contrast, Mehta et al9 did not find any
significant weekly variation in the occurrence of acute aortic
dissection. Thus, unlike the data on circadian and seasonal
variations, there is no evidence to support the weekly
rhythmicity of aortic rupture or acute aortic dissection.
Table II. Chronobiology of aortic aneurysms: Available st
Author/year Country Lesion/population
Abdominal aorta
Liapis et al, 1992 Greece Rupture or expansio
inpatients
Bengtsson et al,
1992
Sweden Rupture, autopsy
Sterpetti et al, 1995 Italy Rupture
Manfredini et al,
1997
Italy Rupture, inpatients
Ballaro et al, 1998 United
Kingdom
Rupture, death
certificates
Thoracic aorta
Manfredini et al,
1999
Italy Nontraumatic ruptu
consecutive
inpatients
Sumiyoshi et al,
2002
Japan Dissection,
consecutive
inpatients
Mehta et al, 2002 International
Registry of
Acute
Aortic
Dissections
Dissection,
multicenter
population
Kobza et al, 2002 Switzerland Dissection,
consecutive
inpatientsPATHOPHYSIOLOGY
Circadian variation. The morning pattern of in-
creased frequency of AAA rupture or aortic dissection
resembles that of many other acute cardiovascular diseases,
such as acute myocardial infarction,18 sudden death,19
pulmonary edema,20 pulmonary embolism,21 arterial
thrombosis,22 and both ischemic and hemorrhagic
stroke.23-25 This similarity suggests that common underly-
ing pathophysiologic mechanisms may be responsible for
triggering these cardiovascular events. The onset of cardio-
vascular events is triggered by several pathophysiologic
events, in particular, an increase in blood pressure, heart
rate, sympathetic activity, basal vascular tone, vasoconstric-
tive hormones, prothrombotic tendency, platelet aggrega-
bility, plasma viscosity, and hematocrit, which exhibit
prominent circadian rhythms with phases that are positively
correlated with the timing of excess in cardiovascular
events.26
There are close relationships between blood pressure
rhythms and temporal patterns of cardiovascular events.27
Blood pressure reaches peak values in the morning, al-
though a secondary peak is usually present in the late
afternoon or early evening.28 Although there is no consen-
sus on whether the morning surge in blood pressure begins
on seasonal aspects
No. of cases Analysis Peak P
66 2 Sept/Oct/Nov .05
215 NA No peak —
77 NA Oct/Nov/Dec
(May/July)
NA
54 2 Spring/fall .026
cosinor Apr/Oct .024
19,599 cosinor Winter .003
85 cosinor Jan .032
387 2 Winter .012
932 2 Winter .011
cosinor Jan .022
570 Type A cosinor Dec NS
362 Type B cosinor Feb .032
389 2
282 Type A Winter .011
107 Type B Spring .003udies
n,
re,
ator;
JOURNAL OF VASCULAR SURGERY
Volume 40, Number 2 Manfredini et al 385during sleep or just before29,30 or after awakening,31 it is
possible that there are two patterns. One pattern is a
gradual increase in blood pressure before awakening, espe-
cially common in younger persons, and the other pattern
involves elevation of blood pressure with initial physical
activity, especially common in the elderly.32,33 Heart rate
shows a morning peak as well, and its circadian rhythmicity
is well known.34 Plasma norepinephrine level35 and plasma
renin activity36 are elevated in the morning; both hormones
have potential to induce coronary vasoconstriction. A cir-
cadian rhythm in vascular basal tone is also demonstrated37
in relation to increased -sympathetic vasoconstrictor ac-
tivity in the morning. In addition, the circadian pattern of
plasma cortisol secretion, characterized by a sharp morning
rise,38 may contribute to increased sensitivity of arterial
vessels to vasoconstrictor stimuli.39
Another circadian rhythm–dependent mechanism of
increased cardiovascular risk concerns the morning imbal-
ance between coagulation and fibrinolysis. Increased levels
of fibrinogen,40 plasma viscosity,41 and hematocrit,42 and
platelet aggregability43 correlate with reduced endogenous
fibrinolytic activity.44 This increased blood viscosity in turn
may further contribute to the increased arterial sheer forces
in the morning caused by heightened sympathetic tone. It
is presumed that such forces act on the aortic wall, which is
inherently weakened by genetic and acquired disorders,
triggering acute aneurysm rupture or dissection in the early
morning hours (Fig).
Seasonal variation. Most available studies indicate a
greater occurrence of aortic rupture or dissection during
the fall and especially during the winter months. These data
are consistent with the seasonal pattern demostrated for
other major cardiovascular events.
Concurrent pathophysiologic mechanisms underlying c
pressure; HR, heart rate; tPA, tissue plasminogen activCold exposure determines increased sympathetic activ-
ity,45 blood pressure,46,47 and arterial spasm,48 with in-
creased platelet count and volume, red blood cell count,
blood viscosity,48 lipid levels,49 and clotting activity.50
Further, fibrinogen levels demonstrate wide seasonal vari-
ation, increasing up to 23% during the colder months.51,52
Changes in the hematologic properties such as viscosity and
coagulation have been described in relation to air temper-
ature.50 Even mild surface cooling increases hematocrit and
platelet count, thereby favoring spontaneous thrombosis.48
Moreover, hypertensive effects of low temperatures are well
known; a significant negative correlation between ambient
temperature and blood pressure, and an increase in arterial
pressure during mild surface cooling have been reported.47
During peripheral vasoconstriction, systolic blood pressure
increases more than diastolic pressure does; thus pulse
amplitude is generally increased, although there is a little
change in cardiac output or pulse rate.48 This enhances the
forces that act to produce wall deformation, and increase
friction and shear stress on the internal surface. The conse-
quent vascular damage may progress, culminating in arte-
rial dissection and rupture of the aorta.53
Weekly variation. No significant weekly patterns have
been demonstrated for aortic rupture, with only a trend for
preference for Monday. Biochemical factors associated with
cardiovascular risk, such as measures of carbohydrate and
lipid metabolism, are less favorable on Monday compared
with other days of the week.54 This could, at least in part,
explain why such temporal variation is present in coronary
artery diseases and stroke55,56 but not for aortic rupture or
dissection, where probably other risk factors have a trigger-
ing role.
ian variation of aortic rupture or dissection. BP, Blood
PAI-1, plasminogen activator inhibitor-1.ircad
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IMPLICATIONS
On the basis of the above reported pathophysiologic
evidence, it seems that the temporal rhythmic organization
of the vascular functions is such that the defense mecha-
nisms against disease are incapable of providing the same
degree of protection at all times of the day or year. Rather,
there are temporal gates of susceptibility, in particular in the
morning hours and in the winter months, of unusually low
resistance through which the multiple risk factors can trig-
ger vascular events. When all gates of the critical physio-
logic functions are aligned at the same time, susceptibility
and thus risk for adverse events becomes extremely high,
even in the presence of minor environmental stimuli that
are usually harmless (Fig). This concept of chronorisk is
well documented for most acute cardiovascular diseases. A
point of interest is the possible influence on chronobiologic
rhythms and outcome of cardiovascular events. Only a
limited amount of data are available on the prognostic
implications of the concept of chronorisk. For example, the
clock time of onset of acute myocardial infarction seems to
affect the clinical course and outcome in patients who die of
such events.57 Myocardial infarction commencing in the
morning, between 6:00 AM and noon, are associated with
greater infarct size, whereas onset between noon and 6 AM
is associated with a significantly lower risk for circulatory
arrest from ventricular arrhythmias.58 Recent data from our
group show that the morning hours, from 6:00 AM to noon,
are characterized not only by a higher frequency of myo-
cardial infarction but also by a trend toward higher mortal-
ity.59 Moreover, the circadian time of acute myocardial
infarction affects the success rate of thrombolysis with
medications; it is much lower in patients with morning
onset of acute myocardial infarction compared with those
with onset at other times of the day.60 As for aortic dissec-
tion, however, overall mortality is not affected or influ-
enced by chronobiologic rhythms,61 which suggests that
once a dissection develops, mortality depends on anatomic
and clinical features rather than the triggering pathophysi-
ologic events. Finally, the concept of chronorisk implies
that the delivery of protective or preventive medications
should be synchronized in time in proportion to need as
determined by established rhythmic patterns in cardiovas-
cular function, as well as risk, during the day, week, and
year, in a manner that will avert or minimize their undesired
side effects. As for circadian aspects, a chronotherapeutic
approach to cardiovascular diseases has been suggested,62
tailoring drug administration in accordance with the most
vulnerable time periods. As for aneurysms, it is possible that
antihypertensive medications may be sufficient to blunt the
smaller seasonal surges in sheer stress, but may not substan-
tially alter the negative effect of the diurnal variation of
these forces in patients with hypertension. However, the
association between hourly episodes of subarachnoid hem-
orrhage and hourly blood pressure values63 suggests that
blood pressure peaks during waking hours may be crucial in
determining the time of rupture of a critically weakenedaortic wall. Thus an efficacious antihypertensive action
throughout the 24-hour span is essential. However, achiev-
ing such efficacious action troughout the day is not easy.
Studies using ambulatory blood pressure monitoring have
shown that altering the dosing time of antihypertensive
agents may have a clinically meaningful effect on circadian
blood pressure rhythms.64 Use of short-acting antihyper-
tensive agents is associated with significant peaks and
troughs in drug concentrations throughout the 24-hour
period that can cause wide fluctuations in blood pressure
control and enhance the chances of drug level–associated
adverse events. For these reasons, short-acting agents are
not recommended for treating high blood pressure.65 One
could observe that several once-daily extended-release drug
formulations exist, warranting a sustained drug concentra-
tion over the 24-hour dosing interval. Although this profile
results in safe and effective lowering of blood pressure, this
static pattern of drug release is not tailored to suit daily
physiologic variations. For example, the long-acting cal-
cium antagonist nitrendipine is effective in lowering blood
pressure, respecting the circadian pattern. However, morn-
ing administration seems to not control blood pressure well
enough from late night to early morning66; drug concen-
tration could be lowest at the time of day when blood
pressure protection is most needed. It should not be as-
sumed that a drug administered in the morning will have
the same antihypertensive effect as a drug administered in
the evening, and the effects of time of dosing on the
pharmacodynamics of long-acting, once-daily antihyper-
tensive drugs are an important consideration for antihyper-
tensive therapeutics.67,68 Some drugs have the same effects
whether administered in the morning or in the evening.69
Although as a general rule caution seems prudent when
administering conventional antihypertensive medications
at night, especially in elderly patients, because of the risk for
drug-induced nighttime hypotension,70 several drugs have
a more sustained antihypertensive effect after evening ad-
ministration,71 with elimination of nocturnal decrease in
blood pressure.72 For other long-acting drugs, however,
morning administration is more effective.73-75 Recently a
chronotherapeutic formulation of verapamil, designed to
provide maximum plasma concentrations in the mid-morn-
ing hours after a single evening administration at bedtime,
was demonstrated to be effective.76 As a general rule,
antihypertensive agents such as hydralazine, which produce
a hyperdynamic circulation and thus an increase in velocity
of ventricular contraction, should be avoided.77 Calcium
channel blockers, which have been used in the past for
treatment of aortic dissection,78 have recently raised some
concern. The results of a British study found that calcium
channel blockers are an independent risk factor for AAA
and are associated with increased arterial aortic wall stiff-
ness.79 -Blockers are the first choice antihypertensive
drugs. -Blockers blunt the morning peak of infarction.80
Moreover, metoprolol81 and atenolol82 reduce frequency
and duration of ischemic episodes throughout the day, and
atenolol significantly modifies the circadian distribution of
ischemic episodes, eliminating the morning peak.82 Thus
JOURNAL OF VASCULAR SURGERY
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use of tailored antihypertensive therapy with -blockers
might provide maximal benefit during the time periods of
particular vulnerability. Long-acting -blockers should be
administered at night, and drugs with a shorter half-life
should be given at appropriate intervals to be most effective
in the morning.62
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